The aim of this study was to quantify the levels of flavonoids (rutin, myricetin, quercetin, kaempferol) and phenolic acids (gallic, p-coumaric, rosmarinic, syringic, caffeic, chlorogenic, ellagic, ferulic) in lemon balm (Melissa officinalis L.) commonly used as a culinary, aromatic and medicinal herb. A rapid and reliable HPLC procedure was developed to determine the phenolic compounds in methanolic extracts, infusions and tinctures prepared from lemon balm. Except for myricetin and quercetin, as well as ellagic, gallic and rosmarinic acids, higher levels of the analytes under study were determined in the methanolic extracts (up to 22 mg/g of dry weight, DW), than in infusions (up to 5 mg/g DW). Tinctures were the poorest in flavonoids and phenolic acids (below 550 µg/g DW), except for ellagic and rosmarinic acids, which were quantified in tinctures at higher levels (mg/g DW). To sum up, the flavonoids were extracted more effectively in the infusions and tinctures than the phenolic acids. Statistically significant correlations were found between phenolic acids, possibly owing to similar biochemical pathways of the compounds. The hierarchical cluster and principal component analyses have also shown that the samples of lemon balm could be differentiated based on the levels of flavonoids and phenolic acids.
Melissa officinalis L., commonly known as lemon balm, balm or balm mint, belonging to the Lamiaceae family, is a perennial herb [1, 2] . It grows wild in Europe and the Middle East and is used as a culinary, aromatic and medicinal herb. As reported in the literature, selected flavonoids and phenolic acids were quantified in extracts of lemon balm from Finland [3] , while the level of rutin and chlorogenic acid was assessed in extracts and infusions from Czech lemon balm [4] . There are also reports on total flavonoid and phenolics contents in infusions from garden cultivated and commercial samples of lemon balm [5, 6] , the levels of phenolic acids in various parts of different Lamiaceae species originating from Slovakia and Poland [7, 8] , and on chlorogenic acid and related compounds in medicinal plants and their infusions [9] . Moreover, new flavonoids were isolated from lemon balm leaves [10] , the antioxidant activity of tinctures from Salvia officinalis, Mentha piperita and Melissa officinalis were evaluated [11] , and the chemical composition of the essential oil from lemon balm was reported [12, 13] .
Detailed analysis of these reports revealed that they provide incomplete data on the phenolics profile of different extracts prepared from lemon balm. Hence, the purpose of this study was to determine the content of selected phenolic compounds in lemon balm, which are important due to their beneficial effect on human health. They can act as antioxidants and can be used for the prevention of atherosclerosis and cancer [14] [15] [16] [17] [18] . Furthermore, as natural ingredients of dietary supplements, spices and herbal medicines, phenolic components can also show anti-inflammatory and antimicrobial activities. For this reason, quantitation of phenolics in plants used for culinary and medicinal purposes is of importance for estimation of their beneficial activity for humans.
Four flavonoids (rutin, myricetin, quercetin, kaempferol) and eight phenolic acids (gallic, p-coumaric, rosmarinic, syringic, caffeic, chlorogenic, ellagic, ferulic) were chosen for this study. Their levels were quantified in lemon balm cultivated and distributed by various herbal enterprises in Poland. Because this herb is commonly used in the form of infusions and tinctures [19, 20] , it seems also important to disclose to what extent the phenolics are extracted by different solvents, such as water and 70% ethanol, and using different procedures -infusing with boiling water or a long-term extraction with ethanol. This is an essential problem because infusions and tinctures are medicinal liquids characterised by different chemical composition and properties owing to differences in the temperature, solvent and preparation protocols. These parameters strongly affect the extraction efficiency of phenolics.
To quantify phenolic compounds in methanolic extracts, infusions and tinctures prepared from lemon balm a simple, rapid and reliable HPLC procedure was used. Chromatographic separation of flavonoids and phenolic acids on a Hypersil Gold C18 column under gradient elution is shown in Figure 1 . Validation parameters show that calibration curves were generated with satisfactory linearity, the coefficients of determination varying between 0.9890 (rosmarinic acid) and 0.9999 (p-coumaric acid). The limits of detection and quantification were found to be within the ranges 2.59-10.33 µg/mL and 7.87-26.26 µg/mL, respectively for flavonoids, and 1.54-6.16 µg/mL and 4.67-18.68 µg/mL, respectively for phenolic acids. These values showed that the sensitivities of the methods are satisfactory taking into account the levels of phenolics in the extracts, infusions and tinctures. The levels of precision (expressed as coefficient of variation) and accuracy (expressed as recovery) were as follows: 2.44-5.36% and 92.40-98.95%, respectively for flavonoids, and 0.54-9.15% and 86.05-94.71%, respectively for phenolic acids.
Examination of the content of flavonoids and phenolic acids in 30 samples of lemon balm harvested in Poland shows that sample No. 4 (Natur-Vit/Pinczow) contains extremely high quantities of kaempferol (8.7 mg/g) and quercetin (68.8 mg/g) as compared with the average levels of these flavonoids found in other samples. This sample is also characterised by very low quantities of phenolic acids, that is the levels of gallic (1.9 mg/g) and ellagic (1.6 mg/g) acids were found to be the lowest. Because the above values deform the data on the mean content of these analytes in the remaining samples, sample No. 4 was excluded from the total number of samples. Thus, a new The arithmetic means and medians are given in parentheses. * -the concentrations of ellagic and rosmarinic acids in tinctures are given in mg/g. nd -not detected.
matrix containing 29 samples of lemon balm was created and the results based on this matrix are compiled in Table 1 . These data show that the highest level of the analytes under study was quantified in methanolic extracts, then in infusions (in both cases the content of phenolics was calculated as mg/g). The tinctures were the poorest in phenolics; the level of analytes was calculated as µg/g, excluding rosmarinic and ellagic acids, whose contents are given in mg/g.
The results of quantitation of flavonoids show that the mean level of these analytes in the methanolic extracts (mg/g) followed the order: Figure 2a ). The one-way analysis of variance (ANOVA test) shows that the average content of rutin differs significantly from that of other flavonoids (p<0.05). Some samples are especially rich in flavonoids. For instance, the highest quantities of quercetin are in samples 23 and 27, while the highest quantities of myricetin are in samples 16 and 27. Furthermore, quantities above 5 mg/g of myricetin were determined in samples 8, 13, 28 and 29, and > 5 mg/g of quercetin in sample 18.
The levels of flavonoids in aqueous and ethanolic liquids followed the same order as that in methanolic extracts (Table 1) . Moreover, similarly to the extracts, the average content of rutin differs significantly from that quantified for other flavonoids (p<0.05), both in infusions and tinctures. In the latter case, the average levels of kaempferol and myricetin also differ. The differences were also found between the concentrations of flavonoids in the methanolic extracts, infusions and tinctures. As shown in Figure 3 , the extraction yields of flavonoids with hot water (infusions) and 70% ethanol (tinctures) are higher than those of phenolic acids. The yield of extraction varies: for infusions between 42.7% (rutin) and 62.5% (myricetin), and for tinctures between 2.4% (rutin) and 12.4% (quercetin).
The content of phenolic acids in the methanolic extracts varied over a wide range of values. Rosmarinic acid was found in the highest quantity, its level falling between 57.6 and 395.5 mg/g with an average of 159.5 mg/g ( Table 1 , Figure 2b ). The average content of this acid differs from that found for the remaining phenolic acids (p<0.05). In two samples, 11 and 20, the highest quantity of rosmarinic acid was found (above 300 mg/g), but the poorest in this acid were samples 3, 6, 8, 18, 21 and 22 (below 100 mg/g). High mean values of phenolic acids with wide concentration ranges were also determined for chlorogenic, ellagic and gallic acids. The mean levels of these acids differ from those determined for caffeic, p-coumaric and ferulic acids (p<0.05). Also the contents of gallic and ellagic acids differ from that of syringic acid, while the mean level of chlorogenic acid differs from that of ellagic acid. The results also
show that in four samples, 10, 13, 17 and 27, the content of ellagic acid exceeded 30 mg/g, while three samples (24-26) differed from the others by the highest level of chlorogenic acid (above 15 mg/g). Phenolic acids determined in the lowest quantity were caffeic, ferulic, p-coumaric and syringic acids. The mean levels of these acids were comparable and there were no statistical differences, while their levels differed from those determined for the remaining phenolic acids (p<0.05). Similarly, as in the case of chlorogenic acid, samples 24-26 were characterised by the highest contents of caffeic, p-coumaric and syringic acids. The highest quantities of ferulic acid were also found The average contents of phenolic acids in the infusions and tinctures differ from those determined for the same compounds in methanolic extracts (p<0.05). The extraction yield of these acids with hot water is relatively low and varies over the range of 25.9% (syringic acid) to 50.0% (rosmarinic acid) ( Figure 3 ). The extraction efficiency of phenolic acids with 70% ethanol is considerably lower than that with hot water. Except for ellagic acid with its relatively high degree of extraction (24.1%), other values fell between 1.3% (caffeic acid) and 11.5% (rosmarinic acid).
The lowest degree of extraction of caffeic acid to 70% ethanol is due to the lowest level of this acid in the samples. Thus, the content of caffeic acid in the majority of tinctures was lower than the detection limit. These data also show that the average levels and concentration ranges of phenolic acids in tinctures were found to be in similar relations as in the extracts. Furthermore, excluding ellagic acid, these values differ from those quantified for the same acids in infusions (p<0.05).
To generalize, the results of this study confirm that the levels of flavonoids and phenolic acids in methanolic extracts prepared from commercial samples of lemon balm cultivated and distributed in Poland are consistent with previous reports [8, 21, 22] . A comparison of these data with those obtained for phenolic compounds in a dietary supplement ( are comparable with those quantified in methanolic extracts. An exception was found for rutin, because it was below the limit of quantitation in the dietary supplement. On the other hand, the levels of phenolic acids are statistically lower than those quantified in extracts (p<0.05). It is also worth mentioning that ellagic, gallic and rosmarinic acids were found in tablets in extremely low quantities compared with their contents in the extracts.
Large differences in the extraction efficiency of phenolics are presumably caused by the physicochemical properties of the analytes under study. Probably their solubilities in boiling water and 70% ethanol have a crucial impact on the extraction yield of these acids. A literature screening shows that natural phenolic acids show a solubility preference basically to alcohols rather than to the more polar water [23] . The tendency to dissolution of phenols can be explained in terms of their stereochemistry and intermolecular forces occurring between solvents and phenolic acids. Furthermore, the solubility of phenols increases upon raising the temperature. For this reason, higher levels of phenolic acids in infusions than in tinctures may be due to the use of hot water for their extraction. On the other hand, owing to high solubility of ellagic acid in alcohols, the highest yield of its extraction with ethanol has been reported [24] .
To show whether the lemon balm samples distributed by various manufacturers in Poland demonstrate similarities in the levels of quantified flavonoids and phenolic acids, two pattern recognition methods -hierarchical cluster analysis (HCA) and principal component analysis (PCA) were used [25] . HCA calculations show that taking into account the Sneath's index, four clusters can be designed on the dendrograms at 33% of the maximum distance ( Figure 4 ). The samples with the highest levels of rosmarinic acid (11, 14 and 20) are grouped in cluster I. On the other hand, those with the lowest levels of this acid (3, 6, 8, 18, 21 and 22) are found in cluster IV. Ten samples with high quantities of gallic and syringic acids belong to cluster III, whereas samples with high levels of ellagic and chlorogenic acids are grouped in sub-clusters IIIA and IIIB, respectively. PCA generally confirms the results obtained by HCA.
The results of HCA and PCA have shown that samples of lemon balm could be divided into separate clusters based rather on the content of phenolic compounds than on the origin of these raw plants from different manufacturers. Moreover, it is problematic to observe directly any similarity between the levels of flavonoids and phenolic acids in lemon balm and the sixteen manufacturers distributing these plants, since HCA and PCA divided raw samples based on the content of dominant constituents. A weak relation among the manufacturers and the levels of phenolic compounds could probably be due to the similarity in geochemical characteristics of soil and climate throughout Poland, where lemon balm samples under study were harvested. Pearson's correlation analysis was used to study the relationships among the levels of phenolics in methanolic extracts. As shown in Table 2 , there are no statistically significant correlations among flavonoids. Up to now, in the literature there is no information about the relationship between these secondary metabolites. Kaempferol, as one of the four studied flavonoids, was found to be correlated with caffeic and p-coumaric acids (negatively) and with gallic acid (positively). On the other hand, the calculated significance levels for eight pairs of phenolic acids are lower than the accepted one (p<0.05), thus these correlations are significant.
As reported in the literature, phenolic acids are produced in the shikimic acid pathway during plant respiration [26] . This pathway and subsequent reactions are also the source of some phenolics, such as cinnamic, p-coumaric, caffeic, ferulic, chlorogenic, protocatechuic and gallic acids. Hence, statistically significant correlations among the studied acids can be related to a similar multistep route used by plants for the biosynthesis of phenolic acids.
To sum up, it was shown that the levels of flavonoids in mg/g of lemon balm DW ranged as follows: 0. 
Sample preparation:
The methanolic extracts from lemon balm were prepared according to a procedure described in detail elsewhere [22] . To prepare the infusions, 0.5 g samples were accurately weighed and infused with 50 mL of boiling redistilled water and left for 10 min. To prepare the tinctures, 3.0 g samples were infused with 50 mL of an ethanol/water (70:30, v/v) mixture, left for 7 days at room temperature and occasionally shaken to maximize extraction. Both the infusions and tinctures were filtered through a Whatman paper (Macherey-Nagel, Düren, Germany), transferred into graduated flasks and diluted with adequate solvent up to 50 mL. Prior to HPLC analysis, the extracts were also filtered through a 0.22-μm nylon membrane filter (Witko, Lodz, Poland).
Determination of phenolic compounds:
Flavonoids and phenolic acids were quantified using a HPLC procedure with UV detection developed by Arceusz and Wesolowski [22] . A column temperature was maintained at 35ºC, volume of injected standard and sample solutions was 20 µL, while absorbance was monitored at a wavelength depending on the phenolic compound analysed.
The analytes under study were identified by their characteristic chromatographic retention times, which were compared with those of standard compounds. For quantitation, 12 calibration curves were prepared using standard solutions covering the concentration range between 10 and 100 µg/mL. For calculation of precision and accuracy, standard solutions at a concentration of 50 µg/mL were used.
Statistical analysis:
The levels of analytes in the samples under study were calculated as mg/g or µg/g of dry weight (DW). For each sample, 3 methanolic extracts, infusions and tinctures were prepared and the quantitation of phenolics was carried out in triplicate. The results expressed as mean values and standard deviations were analysed by one-way analysis of variance (ANOVA), pattern recognition methods HCA and PCA, and Pearson's correlation analysis. The calculations were performed using Statistica, ver. 10 (Statsoft, Krakow, Poland). ANOVA was applied to verify whether phenolic compounds differ significantly in their levels in the extracts, infusions and tinctures, and if commercial samples of lemon balm differ significantly in their phenolic compounds profile. The nonparametric Kruskal-Wallis test as a post hoc analysis was used at a p≤0.05 significance level.
